Abstract-
In [25] and [26] the self-dual codes with an automorphism of order 11 with four cycles are studied. There is a unique [44, 22, 8] code with an automorphism of type 11- (2, 22) , and 11 codes with an automorphism of type 11-(4, 0). Huffman in [12] presented a survey of the status of the classification of self-dual codes over F 2 . Also there [12, This work is organized as follows. In Section II we introduce the construction method used in this paper. In Section III we classify all Hermitian [6, 3, ≥ 3] codes over finite field with 2 10 elements. Finally in Section IV using some of the codes from Section III we classify all binary selfdual [66 + 2s, 33 + s, 12] codes with an automorphism of type 11-(6, 2s) for s = 0, 1, 2, 3.
II. PRELIMINARIES
We apply a method for constructing binary self-dual codes possessing an automorphism of odd prime order from [11] and [23] .
Let C be a binary self-dual code of length n with an automorphism σ of type p-(c, f ). Let 1 , . . . , c be the p-cycles of σ and c+1 , . . . , c+ f be the fixed points. Define
where v| i is the restriction of v on i .
Theorem 2.1 [11] :
Denote by E σ (C) * the code E σ (C) with the last f coordinates deleted. So E σ (C) * is a self-orthogonal binary code of length pc.
where P is the set of even-weight polynomials in
Thus we obtain the map ϕ : E σ (C) * → P c . P is a cyclic code of length p with generator polynomial x −1.
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See http://www.ieee.org/publications_standards/publications/rights/index.html for more information. [24] : A binary [n, n/2] code C with an automorphism σ is self-dual if and only if the following two conditions hold:
Furthermore, if 2 is a primitive root modulo p then C ϕ is a self-dual code of length c over the field P ∼ = F 2 p−1 under the
We also need the following. Lemma 2.1 [24] : If σ is an automorphism of the binary self-dual code C with c cycles and f fixed points, and
To classify the codes, we need additional conditions for equivalence. That's why we use the following theorem: Theorem 2.3 [23] : The following transformations preserve the decomposition and send the code C to an equivalent one: a) the substitution x → x t in C ϕ , where t is an integer,
b) multiplication of the j th coordinate of C ϕ by x t j where t j is an integer, 0 ≤ t j ≤ p − 1, j = 1, 2, . . . , c; c) permutation of the first c cycles of C; d) permutation of the last f coordinates of C.
By Theorem 2.2 since 2 is a primitive root modulo p = 11 we can conclude that the ϕ(E σ (C) * ) is an Hermitian [6, 3, ≥ 3] self-dual code over P ∼ = F 2 10 under the inner product
P has identity e(x) = x + x 2 + · · · + x 10 and a primitive element α = x + x 3 + x 5 + x 8 + x 9 + x 10 . Let δ = α 11 be an element of P with multiplicative order 93. Then we can represent P = {0,
Let C be a binary self-dual code with minimum distance d = 12, having an automorphism σ of order 11 with 6 cycles.
Then (up to a transformation form Theorem 2.3) the generator matrix of the code ϕ(E σ (C) * ) is in the form
where
Using the orthogonal condition (2) we computed all different cases for the first row in (3) that generate a code with minimum distance at least 12:
, and (0, δ 5 , δ 39 ).
• When t 1 = 0 we have exactly 123 inequivalent cases. Next we add the second and third row of (3). We summarize the final results in the following.
Theorem 3.1: Up to equivalence there are 31611 subcodes E σ over P such that ϕ −1 (C ϕ ) generates a code with minimum distance 12.
We list the number of codewords of weight 12 and the cardinality of the automorphism groups of all constructed codes in Table I and Table II , respectively.
IV. CONSTRUCTING CODES WITH AN AUTOMORPHISM
OF TYPE 11-(6, f )
Denote by gen C a generator matrix of the code C. We have computed all possible generator matrices of E * σ (C). Let us fix the E * σ part of
and consider all permutations of the 11-cycles in F σ (C) that can generate different binary codes C. 
. For a permutation τ ∈ S 6 denote by C τ the self-dual code determined by the matrix (4) where as the generator matrix for F σ we use Bτ . We fix the Hermitian part E σ and consider the generator matrix of C is (4) for all τ ∈ S 6 .
If the number of fixed points is f > 0 then for all binary self-dual [c + f, c+ f 2 ] codes we have to choose a splitting of the set of coordinates {1, 2, . . . , c + f } into two disjoint sets X c -the cycle coordinates and X f -the fixed coordinates in such a way that d(
A. [66, 33, 12] [10] , [14] , [18] ).
For a binary [66, 33, 12] self-dual codes with an automorphism of type 11-(6, 0) by Theorem 3.1 the subcode C π is the unique [6, 3] binary self-dual code 3i 2 [19] . By calculation all codes C π for π ∈ S 6 we have the following result. Table III . The values β = 55 and 88 were previously not known so we list the generators for a code with every new value in Table IV. Note that the codes with |Aut (C)| = 66, 330 and 660 are the double circulant codes from [8] .
B. [68,34,12] Codes With an Automorphism of Type 11−(6,2)
There are two possible weight enumerators for a [68, 34, 12] binary self-dual code: where β and γ are integer parameters. Only codes with W 70,1 for γ = 1, β = 416 (see [9] ) and γ = 0 [4] ) are known.
There are two [10, 5] binary self-dual codes 5i 2 and i 2 ⊕ e 8 [19] . In the case of 5i 2 there is one possible generator matrix for C π that is G 3 = (I 5 |I 5 ). The other code i 2 ⊕ e 8 has two different configurations for X c , X f that generate codes with d(F σ (C)) ≥ 12. Therefore for i 2 ⊕ e 8 we have two generator matrices: (t 1 , t 2 , . . . ,
In the case C π ∼ = G 5 we found 75357 codes with W 70,1 , γ = 0 most having new values β = 88, 110, 132, 154, 176, 198, 220, 242, 264, 286, 308, 330, 352, 374, 396, 418, 440, 462, 484, 506, 528, 1012 . Only the code with β = 1012 was previously known [4] .
D. [72, 36, 12] Codes With an Automorphism of 6) The best known distance for a doubly-even code of length 72 is 12 and there is one possible weight enumerators for such a code (see [3] ): [3] , [6] , [16] ). According to Theorem 2.2, we have that C π is a binary self-dual [12, 6] code. There are three such codes 6i 2 , 2i 2 ⊕ e 8 and b 12 . After finding all different splittings of the coordinates {1, . . . , 12} into X c and X f we have 4 generator matrices such that C π is a [72, 6, ≥ 12] binary code: G 6 = (I 6 |I 6 ), 
Remark 4.1:
The computations were made by two of the authors independently. Both computations match exactly. One of the computations use GAP 4.7 [7] for the generation of the codes and Q-extension [2] for the code equivalence. The second computation was made with own Delphi code for code generation and Q-extension for the code equivalence. Some examples for the new codes can be accessed online at [22] .
